The objective of this study was to evaluate the effects of urban environments on the distribution and occurrence of aquatic Ephemeroptera, Plecoptera and Trichoptera (EPT) insects in six urban subtropical streams; Methods: Organisms were collected with a Surber sampler in 2005 and 2006, over two hydrological cycles. We analyzed abundance values, taxonomic richness, Shannon-Wiener diversity and Pielou's evenness. A principal components analysis (PCA) was performed to evaluate the environmental variability of streams. A canonical correspondence analysis (CCA) was performed to evaluate the possible effects of environmental variables; Results: The PCA ordered the streams according to their quality, and Suzana and Nadau streams had higher concentrations of nutrients. The Baetidae (Ephemeroptera) was the family with the highest number of genera (18). Perissophlebiodes Savage, 1983, and Americabaetis Kluge, 1992, were the most common genera. Anacroneuria Klapálek, 1909, was the most abundant Pleocoptera, and Smicridea McLachlan, 1871, was the dominant Trichoptera genus. In the CCA, pH, electrical conductivity and stream velocity were positively correlated with axis 1, whereas dissolved oxygen was negatively correlated with axis 1; Conclusions: Our results show that the distribution of EPT in urban streams is affected by changes in water physicochemical characteristics. However, these changes are not sufficiently severe to cause the elimination of EPT.
insect assemblages, we hypothesized that these taxa might have been eliminated from impacted streams because they are known to be very intolerant to pollution, particularly increases in organic matter. However, the levels of contaminants must be very high to produce severe effects on the occurrence and distribution of Ephemeroptera, Plecoptera and Trichoptera.
Material and Methods

Study area
The study was conducted in Erechim, which is located in the northern region of Rio Grande do Sul (27° 37' 54" S and 52° 16' 52" W). The city is located at 768 m above sea level and has a subtropical climate with an average annual temperature of 18.7 °C. The average annual rainfall exceeds 1800 mm (Cassol and Piran, 1975) . Along the Uruguay River and its tributaries, the vegetation is characterized by a mixture of subtropical forest and Araucaria forest (Budke et al., 2010) , featuring the following species in particular: Araucaria angustifolia (Bertol.) Kuntze, Apuleia leiocarpa (Vogel) J.F. Macbr., Nectandra megapotamica (Spreng.) Mez, Cupania vernalis Cambess., Ocotea sp. (Leyser et al., 2009 ).
Aquatic insect sampling and environmental data
To determine the distribution of EPT taxa, we selected six first-order streams near the urban perimeter of Erechim (~100,000 inhabitants; . Within a stretch approximately 15 m in length, ten sub-samples were collected approximately 1 m apart from a mixture of different substrate types (rock, litter and sand). The material was fixed in situ with 10% formalin and later identified to the genus level using taxonomic keys by Froehlich (1984) , Fernandez and Dominguez (2001) and Pes et al. (2005) . We measured the following environmental variables at all sampling sites: flow, water temperature, dissolved oxygen, electrical conductivity, pH, biochemical oxygen demand (BOD), nitrate and phosphorus. The analyses were conducted following the procedures recommended in APHA (1998).
Data analysis
The organismal abundance and taxonomic richness were estimated for each sample. We
Introduction
In river networks, headwater streams comprise more than three quarters of the total length of the channel in the watershed (Clarke et al., 2008) . Certain urban centers are undergoing very fast and uncontrolled growth due to population increases, but the basic structure of the cities often cannot support such growth. Many cities have no waste treatment systems, and organic matter is directly introduced into aquatic environments (Hepp et al., 2010) . Wastewater discharges and vegetation removal have the potential to affect water quality and aquatic biodiversity (Milesi et al., 2008) . The ecological consequences of organic matter input and riparian vegetation removal include reductions in habitat diversity and niche availability, impairment of stream function parameters and changes in species composition (Sensolo et al., 2012) . Previous studies in the Alto Uruguai region (Rio Grande do Sul, Brazil) showed that headwaters are under strong pressure from human activities, particularly urbanization (Milesi et al., 2008; Hepp and Santos, 2009; Hepp et al., 2010) .
The distribution patterns of aquatic organisms are controlled by substrate, temperature, geomorphologic and biological interactions (Baptista et al., 2001; Silveira et al., 2006) , riparian vegetation and seasonality (Bispo et al., 2006) , food availability (Gage et al., 2004) , microhabitats, habitat heterogeneity (Crisci- Bispo et al., 2007a) , physical and chemical variables (Milesi et al., 2008) and land use (Molozzi et al., 2007; Hepp and Santos, 2009; Hepp et al., 2010; Sensolo et al., 2012) . It is important to understand how changes in the above factors affect the distribution of invertebrate assemblages in low-order streams because this information can be used in biomonitoring and restoration of degraded environments (Peeters et al., 2004; Clarke et al., 2008) .
The family richness and abundance of Ephemeroptera, Plecoptera and Trichoptera (EPT) have been used in environmental quality assessments because most of these taxa are sensitive to several stressful conditions (Marques et al., 1999; Crisci-Bispo et al., 2007) . Urban and suburban streams stressed by human activities should therefore exhibit differential distributions of aquatic insects. In this study, we investigated how urbanization affects the occurrence and distribution of Ephemeroptera, Plecoptera and Trichoptera aquatic insects in low-order streams in a subtropical area. Given the importance of environmental quality to the maintenance of aquatic calculated Shannon-Wiener diversity (Shannon and Weaver, 1963 ) and Pielou's evenness (Pielou, 1969) . We performed a principal components analysis (PCA) to evaluate the ordination of the streams with respect to the environmental variables. For this analysis, we used environmental data standardized to a 0 to 1 range. The standardization was performed separately for each variable. We subtracted the minimum value of each variable and then divided each observed value by the maximum value of the variable. To evaluate the influence of environmental variables on insect distributions, we performed a canonical correspondence analysis (CCA) using an array of biological abundance data transformed into log (x + 1). The second array used for the CCA was composed of environmental BOD values were higher in the Ligeirinho and Nadau streams; nitrate levels were higher in the Ligeiro, Ligeirinho and Suzana streams; and phosphorus was higher in the Nadau and Suzana streams ( Table 1) . The two first principal components of the PCA of environmental data explained 80.1% of the total variation (PC1 = 53.9%; PC2 = 26.2%). The PCA showed a gradient of organic contamination (BOD, nitrate and phosphorus) in PC1 (Figure 2) .
A total of 909 aquatic insects were collected, consisting of 75% Trichoptera, 19% Ephemeroptera and 6% Plecoptera. We identified 13 genera and data. Analyses were conducted using the "vegan" package (Oksanen et al., 2011) in R software (R Core Team, 2011) .
Results
The measured environmental conditions were similar across the six sites throughout the entire study period. The mean electrical conductivity in the Nadau stream was the highest, with values up to 85 µS cm -1 . In general, the streams consisted of oxygenated waters (>4.9 mg L -1 ), ranging from slightly acidic (6.4) to neutral (7.1) ( Table 1 ). The 65.1 ± 6.5 50.8 ± 17.5 81.6 ± 21.9 45.9 ± 6.9 49.4 ± 24.4 pH 6.4 ± 1.2 6.5 ± 1.2 6.7 ± 0.7 6.9 ± 0.9 7.1 ± 0.5 7.1 ± 0.3 Dissolved oxygen (mg L -1 ) 7.7 ± 0.8 7.6 ± 1.1 6.9 ± 0.5 6.0 ± 1.9 7.4 ± 1.2 4.9 ± (Table 2) . The first two axes of the CCA explained 55.2% of the total variation (axis 1 = 32.8%; axis 2 = 22.4%; Figure 3 ). The CCA showed that pH, BOD, nitrate and phosphorus levels were positively correlated with axis 1, whereas dissolved oxygen and electrical conductivity were negatively correlated with axis 1. Positive correlations with axis 1 were observed for Apobaetis Lugo-Ortiz and McCafferty, 1998 , Thraulodes Ulmar, 1920 , Farrodes Peters, 1971 , Leptohyphodes Eaton, 1882 , Rivudiva Lugo-Ortiz and McCafferty, 1998 , Baetodes Needham and Murphy, 1924 , Cloeodes Lugo-Ortiz and McCafferty, 1998 , Americabaetis Kluge, 1992 , Tupiara Salles, Lugo-Ortiz, Da-Silva and Francischetti, 2003 , and Aturbina Lugo-Ortiz and McCafferty, 1996 . Most of these genera were associated with the Nadau, Dourado and Susana streams, which showed slightly higher water seven families of Trichoptera, four families and 18 genera of Ephemeroptera and five genera and two families of Plecoptera (Table 2 ). Ephemeroptera and Trichoptera were collected at all streams, whereas Plecoptera occurred in just four of the six streams (absent from Leãozinho and Dourado).
The Baetidae (Ephemeroptera) family included 11 genera (Table 2) , with Perissophlebiodes Savage, 1983, and Americabaetis Kluge, 1992, the two most frequent taxa in five streams. Anacroneuria Klapálek, 1909, was the most abundant genera of Plecoptera. Trichoptera was represented by 13 genera, with Smicridea McLachlan, 1871, the dominant group present in five sites (absent from Dourado).
Taxonomic richness was higher in the Nadau (23 genera), Suzana (17 genera), and Ligeirinho (15 genera) streams. The Shannon-Wiener diversity was highest in the Suzana and Nadau streams (3.67 bits and 3.66 bits, respectively) and lowest in the Leãozinho stream (1.09 bits). Evenness values were Table 2 . Abundance, taxonomic richness, Shannon-Wiener diversity and Pielou evenness of Ephemeroptera, Plecoptera and Trichoptera in the six urban streams in Erechim city. Lig = Ligeiro, Lignho = Ligeirinho, Le = Leãozinho, Nad = Nadau, Dou = Dourado, Suz = Suzana. important factor, as well as punctual and diffuse pollution sources. Admittedly, the urban perimeters in a timely manner and contribute negatively to water quality of streams (Hepp et al., 2010) . Moreover, diffuse factor contribute negatively more subtly as water qualty (Sensolo et al. 2012) . In this study, the presence of higher genus richness, especially tolerant organisms (e.g. Plecoptera) in places with poor water quality may be an indication that the current water quality is not being a limiting factor for the occurrence of organisms. Importantly, several factors (e.g. riparian vegetation, substrate, food availability) may influence the occurrence and diversity of EPT, not just the chemical characteristics of the waters (Crisci-Bispo et al., 2007b; Milesi et al., 2008; Hepp and Santos, 2009 ). The EPT occurrence was somewhat restricted, particularly with regard to Plecoptera, which were only found in four streams. Moreover, the numbers of Plecoptera were low, accounting for only 6% of the organisms collected. Roque et al. (2003) reported that the abundance and richness of EPT orders, especially Anacroneuria and Gripopteryx, were higher in areas associated with low human disturbance and high water flow, corroborating the results of this study. Buss and Salles (2007) commented that ephemeropterans, particularly Baetidae, also occur in disturbed sites. In the present study, we observed a correlation between the first axis and Americabaetis, Baetodes, Apobaetis and Cloeodes, indicating that these organisms were associated with sites with higher pH values and lower dissolved oxygen levels. Low values of dissolved oxygen indicate the presence of residue in urban streams (Salomoni et al., 2007) . These effluents have a high chemical complexity, which ultimately affects other abiotic water variables and consequently changes the whole structure of aquatic communities.
Our results show that the occurrence and distribution of EPT in urban streams are affected by changes in the physical and chemical characteristics of the water. Among the variables studied, BOD, nitrate and phosphorus most markedly affected EPT distribution, particularly for Trichoptera and Plecoptera. Ephemeroptera, in contrast, showed little sensitivity to these variables. It is likely that the physical and chemical changes in water quality need to be more pronounced to generate extreme shifts in the occurrence of EPT. We found that variations in the chemical composition of urban stream waters were not sufficient to significantly damage the EPT fauna. Nevertheless, these results support the use of temperatures, pH, and water flow than the others. Gripopterix Pictet, 1841, Tupiperla Froehlich, 1969 , Scrimidea, Leptonema Guérin, 1843 , Macronema Pictet, 1836 , Neotopsyche Muller, 1879 , Phylloicus, Wormaldia Mclachlan, 1865 , Neotrichia Mocton, 1905 , Perissophlebiodes, Massartella Lestage, 1930 , Leentvaaria Demoulin, 1966 , and Caenis Stephens, 1835 , were negatively correlated with axis 2. These genera were associated with colder, more oxygenated waters, particularly in Ligeiro and Ligeirinho streams (Figure 3) .
Discussion
The Nadau and Suzana streams were quite similar in terms of measured environmental variables. The Suzana stream was the site most affected by urbanization. The concentrations of nitrate and phosphorus revealed the existence of eutrophication process in this stream. Urban activities supply organic matter to water bodies and can promote the onset of eutrophication (König et al., 2008; Milesi et al., 2008; Hepp et al., 2010) . Electrical conductivity is an important variable in streams impacted by urban activities (Salomoni et al., 2007) . The input of organic matter leads to increased ion concentrations, which consequently increase conductivity values . Brigante and Espinola (2003) suggested that values above 100 µS cm -1 are indicative of organic contamination. The conductivity values measured in the streams studied herein were below this threshold, indicating that the level of organic contamination is not very severe.
Ephemeroptera, Plecoptera and Trichoptera are recognized organismal bioindicators of water quality. We therefore expect that areas with high concentrations of polluting substances will present limited numbers of these organisms. Moreover, slight changes in water characteristics can affect the distribution of these insects. However, we observed several EPT genera in sites with higher than normal concentrations of nitrate and phosphorus for streams of the Alto Uruguay region. This result suggests two interpretations: (i) the studied streams, despite being located in urban districts, have not experienced the particular chemical changes that affect the occurrence of EPT; or (ii) some genera are more tolerant than reported in the literature.
The studied streams have very different environmental conditions, even when located in urban area drainage. This is not just environmental variation in physical and chemical water characteristics. The catchment land use is an
